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Wklv sdshu uhylhzv hfrqrphwulf phwkrgv iru g|qdplf sdqho gdwd prghov/
dqg suhvhqwv h{dpsohv wkdw looxvwudwh wkh xvh ri wkhvh surfhgxuhv1 Wkh ir0
fxv lv rq sdqhov zkhuh d odujh qxpehu ri lqglylgxdov ru ￿upv duh revhuyhg
iru d vpdoo qxpehu ri wlph shulrgv/ w|slfdo ri dssolfdwlrqv zlwk plfurhfr0
qrplf gdwd1 Wkh hpskdvlv lv rq vlqjoh htxdwlrq prghov zlwk dxwruhjuhvvlyh
g|qdplfv dqg h{sodqdwru| yduldeohv wkdw duh qrw vwulfwo| h{rjhqrxv/ dqg
khqfh rq wkh Jhqhudolvhg Phwkrg ri Prphqwv hvwlpdwruv wkdw duh zlgho|
xvhg lq wklv frqwh{w1 Wzr h{dpsohv xvlqj ￿up0ohyho sdqhov duh glvfxvvhg
lq ghwdlo= d vlpsoh dxwruhjuhvvlyh prgho iru lqyhvwphqw udwhv> dqg d edvlf
surgxfwlrq ixqfwlrq1
Nh|zrugv= sdqho gdwd> g|qdplf prghov> jhqhudolvhg phwkrg ri prphqwv
MHO fodvvl￿fdwlrq=F 5 6
Dfnqrzohgjhphqw= Wklv sdshu lv suhsduhg iru d vshfldo lvvxh ri wkh Sru0
wxjxhvh Hfrqrplf Mrxuqdo1 P| xqghuvwdqglqj ri wklv vxemhfw kdv ehqh￿w0
whg lpphdvxudeo| iurp wkh lqsxw ri froohdjxhv/ qrwdeo| Pdqxho Duhoodqr/
Ulfkdug Eoxqghoo/ Frvwdv Phjklu/ Vwhyh Qlfnhoo dqg Iudqn Zlqgphlmhu1 L
wkdqn Mrdr Vdqwrv Vloyd/ Iudqn Zlqgphlmhu dqg rwkhu sduwlflsdqwv dw wkh
Fhppds2HVUF Hfrqrphwulf Vwxg| Jurxs zrunvkrs lq Orqgrq rq 55 Ihe0
uxdu| 5335 iru ghwdlohg frpphqwv rq dq hduolhu gudiw1 Ilqdqfldo vxssruw
iurp wkh HVUF Fhqwuh iru wkh Plfurhfrqrplf Dqdo|vlv ri Sxeolf Srolf| lv
judwhixoo| dfnqrzohgjhg1
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4Vhh/ iru h{dpsoh/ Qlfnhoo +4<;9,1
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6Lq wklv frqwh{w lw lv vwudljkwiruzdug wr doorz iru wlph0vshfl￿f h￿hfwv/ frpprq wr doo lqgl0
ylgxdov/ vlpso| e| lqfoxglqj shulrg0vshfl￿f lqwhufhswv lq wkh vshfl￿fdwlrq/ ru e| wudqviruplqj
wkh vhulhv lqwr ghyldwlrqv iurp shulrg0vshfl￿f phdqv +l1h1 wkh phdq dfurvv doo lqglylgxdov iru d
sduwlfxodu wlph shulrg,1 Zh vlpsoli| rxu glvfxvvlrq e| qrw ghdolqj h{solflwo| zlwk wklv fdvh1
7Qru grhv wklv fruuhodwlrq ydqlvk dv wkh qxpehu ri wlph shulrgv lqfuhdvhv/ vr wkdw ROV ohyhov
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9Krzhyhu wkh frqwulexwlrq ri hdfk wlph shulrg wr wkh lqglylgxdo phdqv ehfrphv qhjoljleo|
vpdoo dv wkh qxpehu ri wlph shulrgv jhwv odujhu1 Frqvhtxhqwo| wklv fruuhodwlrq lqgxfhg e| wkh
wudqvirupdwlrq ydqlvkhv/ dqg wkh Zlwklq Jurxsv hvwlpdwru lv frqvlvwhqw lq wkh fdvh ri odujh W
sdqhov1
:Wkh odjjhg ghshqghqw yduldeoh lq wkh DU+4, prgho +514, lv dq h{dpsoh ri dq h{sodqdwru|
yduldeoh wkdw lv suhghwhuplqhg zlwk uhvshfw wr wkh huuru whup +￿l.ylw,/ exw qrw vwulfwo| h{rjhqrxv
lq wkh vhqvh ri ehlqj xqfruuhodwhg zlwk doo sdvw/ suhvhqw dqg ixwxuh ydoxhv ri wklv huuru whup1 Wkh
Zlwklq Jurxsv hvwlpdwru/ zklfk lqwurgxfhv doo uhdolvdwlrqv ri wkh ylw vhulhv lqwr wkh wudqviruphg

















































 ￿￿#   	   "      	

	
 8&69 (	 )	 
 		 	 
























 	,	 ￿ 	.	   	 	 
" 	 ￿| 		 "
 )









































"   +	 





















	 +		 )	   
	! 5	
+ .*,			 5(










 86@A6 6@A&9 


;Lq fdvhv zkhuh wkh DU+4, prgho grhv qrw vhhp zhoo vshfl￿hg/ d vlplodu lqglfdwlrq pd|
eh dydlodeoh e| frqvlghulqj wkh vxp ri wkh hvwlpdwhg frh!flhqwv rq wkh odjjhg ydoxhv ri wkh
ghshqghqw yduldeoh lq kljkhu0rughu dxwruhjuhvvlyh prghov1 Iru h{dpsoh/ lq wkh DU+5, prgho
|lw @ ￿4|l>w￿4 . ￿5|l>w￿5 . +￿l . ylw,/ zh fdq frpsduh ROV ohyhov dqg Zlwklq Jurxsv hvwlpdwhv
ri +￿4 . ￿5,1
<Eoxqghoo dqg Vplwk +4<<4, ghyhors d fodvv ri pd{lpxp olnholkrrg hvwlpdwruv zklfk dyrlg
wklv iudjlolw| e| frqglwlrqlqj rq wkh lqlwldo revhuydwlrqv lq wkh vdpsoh1 Elqghu/ Kvldr dqg
Shvdudq +5333, suhvhqw pd{lpxp olnholkrrg hvwlpdwruv zklfk doorz wkh srvvlelolw| ri ￿ @4dqg
khqfh fdq eh frqvlghuhg iru xqlw urrw whvwlqj/ dowkrxjk vshfl￿f dvvxpswlrqv derxw wkh lqlwldo
frqglwlrqv duh vwloo uhtxluhg lq wkh ￿?4 fdvh1 Erwk wkhvh dssurdfkhv fdq eh h{whqghg wr yhfwru
dxwruhjuhvvlyh prghov/ dowkrxjk qrw/ vr idu dv L dp dzduh/ wr prghov zkhuh wkh surfhvv iru
dgglwlrqdo h{sodqdwru| +{, yduldeohv lv qrw vshfl￿hg1
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43Wkh wudqvirupdwlrqv/ dqg khqfh wkh fruuhvsrqglqj ROV hvwlpdwruv/ frlqflgh lq wkh vshfldo
fdvh zkhq W @6 1
44Wklv 5VOV hvwlpdwru lv dovr frqvlvwhqw lq odujh W sdqhov/ dowkrxjk dv zh kdyh vhhq wkh
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Zlwklq Jurxsv hvwlpdwru lv dovr frqvlvwhqw lq wklv frqwh{w1
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46Vhh dovr Erqg dqg Zlqgphlmhu +5335,1
47Qhjdwlyh ￿uvw0rughu vhuldo fruuhodwlrq lv h{shfwhg lq wkh ￿uvw0gl￿huhqfhg uhvlgxdov li wkh ylw
duh vhuldoo| xqfruuhodwhg1 Srvlwlyh vhuldo fruuhodwlrq lv h{shfwhg lq wkh ohyhov uhvlgxdov gxh wr wkh
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48Wkh fruuhvsrqglqj hvwlpdwruv duh qxphulfdoo| lghqwlfdo zkhq wkh sdqho lv edodqfhg +doo
lqglylgxdov kdyh frpsohwh gdwd rq |lw iru w @4 >5>===>W, dqg doo wkh dydlodeoh olqhdu prphqw frq0
glwlrqv duh h{sorlwhg1 Dowhuqdwlyh wudqvirupdwlrqv pd| ohdg wr pruh ru ohvv h!flhqw hvwlpdwruv
zkhq rqo| d vxevhw ri wkh dydlodeoh lqvwuxphqwv duh xvhg1
49Frpsxwhu surjudpphv wkdw lqfoxgh wkhvh hvwlpdwruv lqfoxgh GSG<; iru Jdxvv +Duhoodqr dqg
Erqg/ 4<<;,/R {+zzz1r{phwulfv1qhw,/ SfJlyh +zzz1sfjlyh1frp, dqg Vwdwd +zzz1vwdwd1frp,1
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4:Doo frpsxwdwlrqv duh grqh xvlqj GSG<; iru Jdxvv> vhh Duhoodqr dqg Erqg +4<<;,1
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vhh Duhoodqr dqg Erqg +4<<4, iru ghwdlov1
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4<Qrwlfh krzhyhu wkdw wklv hvwlpdwru vwloo xvhv pdq| pruh lqvwuxphqwdo yduldeohv wkdq wkh
mxvw0lghqwl￿hg 5VOV hvwlpdwru lq froxpq wkuhh1 Wkh lqvwuxphqw pdwul{ iru 5VOV khuh lv wkh
vlqjoh froxpq yhfwru ]l @+ |l4>| l5>===>|l>W￿5,3/ zklovw hyhq wkh uhvwulfwhg yhuvlrq ri +516, xvhg
lq froxpq irxu kdv 56 froxpqv1
53Wkh Vdujdq whvw uhsruwhg khuh lv edvhg rq wkh plqlplvhg ydoxh ri wkh dvvrfldwhg wzr0vwhs
JPP hvwlpdwru/ zklfk kdv d frqyhqlhqw dv|pswrwlf "5 glvwulexwlrq uhjdugohvv ri khwhurvnhgdv0
wlflw|1 Qrwlfh wkdw wkhvh rqh0vwhs dqg wzr0vwhs JPP hvwlpdwruv duh edvhg rq wkh vdph vhw ri
prphqw frqglwlrqv/ vr wkdw wkh ryhulghqwli|lqj uhvwulfwlrqv whvwhg khuh duh wkrvh xvhg e| erwk
hvwlpdwruv1
54Wkh lqvwuxphqw pdwul{ ]l kdv :; froxpqv lq wklv fdvh1
55Rqh uhdvrq wr frpsduh wkh hvwlpdwru edvhg rq wkh ixoo vhw ri lqvwuxphqwv lq froxpq ￿yh zlwk
wkh hvwlpdwru edvhg rq wkh uhvwulfwhg lqvwuxphqw vhw lq froxpq irxu lv wkdw JPP hvwlpdwruv
edvhg rq wrr pdq| prphqw frqglwlrqv fdq eh vxemhfw wr srwhqwldoo| vhyhuh ryhu￿wwlqj eldvhv lq
vpdoo vdpsohv1 Wklv grhv qrw vhhp wr eh dq lvvxh khuh1 Wkh orvv ri uhohydqw lqirupdwlrq fdxvhg e|
rplwwlqj wkh pruh glvwdqw odjv dv lqvwuxphqwv zloo riwhq eh yhu| prghvw/ dv zh ￿qg khuh1 Erzvkhu
+5333, dovr qrwhv wkdw wkh srzhu ri wkh Vdujdq whvw wr ghwhfw lqydolg ryhulghqwli|lqj uhvwulfwlrqv
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56Wklv uhsuhvhqwdwlrq lv qrw xqltxh1 Qrwh wkdw wkh xvh ri orqjhu odjv ri {lv dv lqvwuxphqwv iru
wkh htxdwlrqv lq ohyhov lv uhgxqgdqw zkhq doo dydlodeoh odjv ri {lv duh xvhg dv lqvwuxphqwv lq wkh
￿uvw0gl￿huhqfhg htxdwlrqv1
57Djdlq wklv uhsuhvhqwdwlrq lv qrw xqltxh1
58Duhoodqr +4<<6, frqvlghuv dq dowhuqdwlyh Zdog whvw ri wklv dvvxpswlrq1
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59Lq d vshfl￿fdwlrq zlwk shulrg0vshfl￿f lqwhufhswv ru wlph gxpplhv/ wkh uhtxluhphqw wkdw wkh
phdq ri wkh +|l4>| l5>===>|lW, vhulhv lv frqvwdqw iru hdfk lqglylgxdo fdq eh uhsodfhg e| wkh zhdnhu
dvvxpswlrq wkdw wkhvh phdqv hyroyh ryhu wlph lq d frpprq zd| iru wkh Q lqglylgxdov lq wkh
vdpsoh 0 vr wkdw wkh phdqv duh djdlq frqvwdqw zkhq wkh vhulhv duh h{suhvvhg dv ghyldwlrqv iurp
shulrg0vshfl￿f phdqv1
5:Ixuwkhu prphqw frqglwlrqv duh dydlodeoh li wkh ylw glvwxuedqfhv duh krprvnhgdvwlf dqg wkh
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5;Vhh/ iru h{dpsoh/ Erxqg/ Mdhjhu dqg Ednhu +4<<8,1
5<Eoxqghoo/ Erqg dqg Zlqgphlmhu +5333, vxjjhvw wkdw wklv lv dovr olnho| wr eh d frqfhuq lq
pxowlyduldwh prghov zkhq wkh lqglylgxdo vhulhv duh kljko| shuvlvwhqw1
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63Wkh glvfxvvlrq lq wklv vhfwlrq gudzv khdylo| rq wkdw lq Eoxqghoo dqg Erqg +5333, dqg wkdw
lq Eoxqghoo/ Erqg dqg Zlqgphlmhu +5333,1
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64Vhh Erqg/ Qdxjhv dqg Zlqgphlmhu +5335, dqg Kdoo dqg Pdluhvvh +5334, iru ixuwkhu glvfxv0
vlrq ri xqlw urrw whvwv lq wklv frqwh{w1
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65Wkh wdeoh uhsruwv s0ydoxhv iurp plqlpxp glvwdqfh whvwv ri wkh frpprq idfwru uhvwulfwlrqv
dqg Zdog whvwv ri wkh frqvwdqw uhwxuqv wr vfdoh uhvwulfwlrqv1
66Djdlq wkh Vdujdq whvwv uhsruwhg khuh duh edvhg rq wkh plqlplvhg ydoxhv ri wkh dvvrfldwhg
wzr0vwhs JPP hvwlpdwruv1
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\hdu gxpplhv lqfoxghg lq doo prghov1
Dv|pswrwlf vwdqgdug huuruv lq sduhqwkhvhv1
p4 dqg p5 duh whvwv iru ￿uvw0rughu dqg vhfrqg0rughu vhuldo fruuhodwlrq/
dv|pswrwlfdoo| Q+3/4,1 Wkhvh whvw wkh ohyhov uhvlgxdov iru ROV ohyhov/
dqg wkh ￿uvw0gl￿huhqfhg uhvlgxdov lq doo rwkhu froxpqv1
JPP uhvxowv duh rqh0vwhs hvwlpdwhv zlwk khwhurvnhgdvwlflw|0frqvlvwhqw
vwdqgdug huuruv dqg whvw vwdwlvwlfv1
Vdujdq lv d whvw ri wkh ryhulghqwli|lqj uhvwulfwlrqv iru wkh JPP hvwlpdwruv/
dv|pswrwlfdoo| 21 S0ydoxh lv uhsruwhg1 Wklv whvw xvhv wkh plqlplvhg ydoxh ri
wkh fruuhvsrqglqj wzr0vwhs JPP hvwlpdwruv1
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lqlwldo frqglwlrqv gudzq iurp wkh fryduldqfh vwdwlrqdu| glvwulexwlrq iru ￿￿1 Uhvxowv duh
uhsruwhg iru wzr0vwhs JPP hvwlpdwruv1
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Vhh qrwhv wr Wdeoh 41
Gli0Vdu lv wkh Gl￿huhqfh Vdujdq whvw1 S0ydoxh lv uhsruwhg1
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Frpidf lv d plqlpxp glvwdqfh whvw ri wkh qrq0olqhdu frpprq idfwru uhvwulfwlrqv
lpsrvhg lq wkh uhvwulfwhg prghov1 S0ydoxhv duh uhsruwhg1
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